There is wide belief that organisational culture shapes many aspects of performance, including safety. Yet proof of this relationship in a medical context is hard to find. In contrast to human factors, whose contributions are many and notable, culture's impact remains a commonsense, rather than a scientific, concept. The objectives of this paper are to show that organisational culture bears a predictive relationship with safety and that particular kinds of organisational culture improve safety, and to develop a typology predictive of safety performance. Because information flow is both influential and also indicative of other aspects of culture, it can be used to predict how organisations or parts of them will behave when signs of trouble arise. From case studies and some systematic research it appears that information culture is indeed associated with error reporting and with performance, including safety. Yet this relationship between culture and safety requires more exploration before the connection can be considered definitive.
A typology of organisational cultures is described, based on the medical unit's style of information processing. A culture is defined as the organisation's pattern of response to the problems and opportunities it encounters. Three dominant types-pathological, bureaucratic, and generative-are described. These types are shaped by the preoccupations of the unit's leaders. The workforce then responds to these priorities, creating the culture. A focus on personal needs leads to a pathological environment, a focus on departmental turf to a bureaucratic style, and a focus on the mission to a generative style. These organisational types respond characteristically to signs of trouble and to opportunities for innovation. The value of a culture of conscious inquiry is illustrated through case studies. Although case studies supporting this scheme are plentiful, systematic tests of the hypothesis are harder to find. While some systematic studies demonstrate a relationship between medical outcomes and the three cultures, others fail to show it. None the less, it represents a unique approach to the problem of characterising the culture of medical units.
Culture shapes an organisation's response to problems. Probably the most helpful insight is to see culture as that set of processes that shapes organisational response to the challenges that organisations face. It is useful to view organisations' responses as forming coherent patterns.
We might see culture for an organisation as analogous to personality in the individual. The differences in response patterns can be striking. For instance, political scientist Robert Putnam systematically compared the patterns of action of the newly formed regional governments of Italy. Each of these governments reflected the dominant culture of its region. Each of them had systematically different reactions even to simple matters such as responding to a letter from constituents.
''…We were gratified to discover…a surprisingly high consistency among our twelve diverse indicators of institutional performance. Regions that have stable cabinets, adopt their budgets on time, spend their appropriations as planned, and pioneer new legislation are, for the most part, the same regions that provide day care centers and family clinics, develop comprehensive urban planning, make loans to farmers, and answer their mail promptly.'' 1 Putnam found that culture involves the pattern of thought, emotion, and action. All of these are involved in shaping response to problems and opportunities. Culture, then, is the patterned way that an organisation responds to its challenges, whether these are explicit (for example a crisis) or implicit (a latent problem or opportunity). If this premise is accepted, obvious questions follow: In what follows we will try to answer these questions.
THE THREE CULTURES MODEL
To speak of organisational culture is to take on many problems. Approaches to organisational culture have been diverse, and even with systems safety as a focus, there appears to be no common understanding about what culture is. 2 Does culture pertain to the whole organisation or also to its parts? How is culture different from climate? Can culture be measured by surveys of individuals, or must it be inferred from organisational behaviour? These questions are important, but addressing them would take us too far afield.
The most critical issue for organisational safety is the flow of information. I created a typology in 1988 to compare the way that organisations processed information. 3 This follows prior work regarding social intelligence on hidden events; for instance, response to the battered child syndrome. 4 The idea was to characterise general ways of coping with information, especially information that suggests anomaly. Failures in information flow figure prominently in many major accidents, but information flow is also a type marker for organisational culture. In some organisations, information flows well, and elicits prompt and appropriate responses. In others it is hoarded for political reasons or it languishes due to bureaucratic barriers. This typology has proven useful in a variety of safety related fields, such as aviation, nuclear power, and, increasingly, medicine. Although the typology is not a direct measure of safety culture, it appears to relate strongly to safety. While many practitioners (such as the US Air Line Pilots Association) find the typology intuitive and easy to use, its details are still being worked out.
The underlying idea is that leaders, by their preoccupations, shape a unit's culture. Through their symbolic actions, as well as rewards and punishments, leaders communicate what they feel is important. These preferences then become the preoccupation of the organisation's workforce, because rewards, punishments, and resources follow the leader's preferences. Those who align with the preferences will be rewarded, and those who do not will be set aside. Most long time organisation members instinctively know how to read the signs of the times and those who do not soon get expensive lessons.
I would identify three typical patterns. The first is a preoccupation with personal power, needs, and glory. The second is a preoccupation with rules, positions, and departmental turf. The third is a concentration on the mission itself, as opposed to a concentration on persons or positions. I call these, respectively, pathological, bureaucratic, and generative patterns. These preferences create recognisable climates that affect the processing of information and other cognitive activities. The climate shapes activities such as communication, cooperation, innovation, and problem solving. Although this correlation is a hypothesis, it is based on considerable observation and study. The reasons for this correlation are still being explored. The typology is shown in table 1.
The scheme concentrates on information flow as a key variable. Information flow includes not only how much information flows from point A to point B, but its relevance, timeliness, and appropriateness to the recipient. Generative organisations get the needed information to the right person in the right form and in the right time frame. This behaviour is based on the leader's emphasis that the most important goal is to accomplish the mission. So, the key that guides communication behaviour is ''who needs the information now?'' Generative organisations tend to be proactive in getting the information to the right people by any means necessary. 5 By contrast, pathological circles tend to view information as a personal resource, to be used in political power struggles.
It will be withheld, doled out, or used as a weapon to advance particular parties within the organisation. Robert Daley's novel, Man with a gun, begins with a high level meeting at police headquarters in New York. 6 The book notes that although the ostensible purpose of the meeting is to solve some problems with police patrols, the real purpose of the meeting is to embarrass the chief of patrol and get him to resign. Such devious use of information is typical of pathological organisations. In 2003, when the Chief Actuary of the American Medicare Program developed budget estimates that disturbed the administration, his Bureau Chief, Tom Scully, told him to keep quiet about them or he would ''fire him so fast his head would spin.'' 7 Other examples come readily to mind.
Patterns in information handling thus reflect the climate. If leaders emphasise that information is to help accomplish the mission, that use will predominate. If leaders emphasise that information must advance departmental goals, then that behaviour will predominate. If leaders show through their behaviour that information is only important as it advances or impedes their personal interests, then that use will predominate.
When bureaucratic organisations need to get information to the right recipient, they are likely to use the standard channels or procedures. These standard channels and procedures are often insufficient in a crisis. They failed, for instance, in communications between New York police and fire departments on 11 September 2001. The police knew that the World Trade Center north tower was about to collapse, but failed to communicate this to the firefighters inside the tower, many of whom died. 8 By contrast, in the same circumstances many generative organisations would cross departmental lines or use a back channel to get the information to where it was needed. The Apollo 13 space crisis shows an excellent example of a generative response. 9 By contrast, the fumbling that led to the demise of Columbia space shuttle shows bureaucracy at its worst. 10 Again, the climate that provides good information flow is likely to support and encourage other kinds of cooperative and mission enhancing behaviour, such as problem solving, innovation, and inter-departmental bridging. When things go wrong, pathological climates encourage finding a scapegoat, bureaucratic organisations seek justice, and the generative organisation tries to discover the basic problems with the system. The effects of information flow climate are pervasive. And they are pervasive because the climate shapes three key variables: alignment, awareness, and empowerment.
In a generative organisation alignment takes place through identification with the mission. The individual ''buys into'' what he or she is supposed to do and its effect on the outcome. A sense of ownership is a natural consequence of identification with the leaders and the team. Accordingly this person will try harder for and care more about the outcome. By contrast, in a bureaucratic organisation alignment with the person's own unit or function takes the place of alignment with the mission. The department's interest will be fought for without regard for its effect on the mission. In pathological organisations, alignment is typically with a person or a clique, whose interests are advanced in preference to other loyalties. Robert Gallo's sparring with French researcher Luc Montagnier over the nature of AIDS shows how personal needs can interfere with solving a key social problem. 12 By contrast, awareness is necessarily constricted by personal or departmental function in bureaucratic organisations. When technicians working on the Hubble Space Telescope jury-rigged the critical measuring rod, they did not realise they were causing a multi-billion dollar problem. 13 In pathological organisations, the implications for power struggles are the focus of awareness.
Empowerment also shows very different patterns for the three cultures. Generative organisations require empowerment for maximum performance. Individuals' minds are harnessed to fulfill the organisation's goals through a culture of conscious inquiry. They are encouraged to speak up, think outside the box, and to act as fully conscious participants in a great cooperative enterprise. In bureaucratic organisations, however, thinking may stop at the department's boundary because what is beyond it is ''not my concern'', even though it may be of great concern to the mission. The ability to think is often coextensive with the ability to act. When the space shuttle Columbia's managers felt they could do nothing to save the spaceship if it was damaged, they made few efforts to get in-flight photographs, and even interfered with those who were desperately seeking them.
14 Similarly, radiologists who early became aware of battered children often did little with the information they got because they had little influence beyond the hospital. 15 Although information flow is a shaping influence, this does not always mean that the organisation with better information flow is always more creative, more harmonious, or more safe. Information flow helps the organisation achieve its goals-whatever they are. Safety may or may not be the paramount value. Yet on the whole, generative organisations (those with good information flow) are probably more creative, more harmonious, and safer. The reason is simple: the kind of conditions that create good information flow tend to be those that favour cooperation, creativity, and safety. On the other side, conditions that interfere with information flow also tend to decrease creativity, create conflict, and make the organisation involved less safe.
The scheme captures only a portion of organisational culture. There are many issues on which the model is silent, such as training, structure, and styles of problem solving, to take only a few. Furthermore, the relationship between climate and performance is statistical, not deterministic. There are many organisations that are effective but are not generative, and whose performance is based on other features, such as a brilliant algorithm or a charismatic leader. With these restrictions in mind, it is correct to call this typology one of organisational culture.
CASE STUDY EVIDENCE
A mass of case study and anecdotal evidence suggests that generative environments, with high alignment, awareness, and empowerment, are more effective than the alternatives. A fine example from the military is the creation of a generative environment aboard the USS Benfold, a destroyer. Through a remarkable programme to encourage cross training, participation, and creativity, Commander Michael Abrashoff created a floating palace of creativity. The USS Benfold became the most battle ready ship in the Pacific Fleet, an achievement recognised through its receipt of the Spokane Trophy in 1999. It was also the most sought after billet for sailors, and highly efficient financially. 16 Commercial examples of generative organisations, such as 3M, Southwest Airlines, and Chaparral Steel, are well known, yet the dynamics of their creativity have yet to be fully explored.
The author has carried out one parallel exploration through his analysis of the dynamics of a famous naval research and development facility, China Lake. 17 From these and other examples, there would seem little question that creativity and generative information flow usually go together.
For instance, the study of China Lake, a highly generative organisation, showed several remarkable features. The organisation consistently performed beyond ordinary expectations, often putting to shame other organisations' efforts (the Sidewinder missile was a key example). The organisation had high flexibility, and seemed to be excellent both in using its own experience and other organisations' experiences as well. A ''community of good judgment'' carefully kept track of credentials and apprenticeships, and tried to match people with jobs. Unusual latitude was given to individuals to develop their own ideas, including the bootlegging of monies from more routine projects to those that involved greater creativity. Both internal management and higher naval sponsorship supported projects well beyond the organisation's charter, including an early space satellite programme that has been kept out of official histories and a submarine programme developed at this desert base! But how about safety? Are generative environments really more safe? And if so, why? Certainly the processes associated with fixing the hidden problems that Reason has called latent pathogens would seem strongly connected with information flow; detection, reporting, problem solving, and implementation. 18 The response of the USS Benfold to a dangerous fuel leak was to suggest fixing the problem across the squadron, a solution that some other captains thought was unnecessary. 19 This is typical. Southwest Airlines, certainly a generative airline, also has an excellent safety record. One of the reasons for this is a suggestion and reporting system that is strongly supported by a company culture with high empowerment. 20 The connection between organisational culture and information processing is that better organisation culture leads to better processing. The fact that becomes a political football for the pathological organisation, or is simply ignored by the bureaucratic one, is used effectively by the generative organisation. This is even more evident if we classify responses to signals that things are amiss. I have suggested that response to anomaly-that is, to potential indicators of latent pathogens-might be classified in six types: suppression, encapsulation, public relations, local fix, global fix, and inquiry (see fig 1) .
For instance, in aviation, discoveries of a particular structural problem in one aircraft often lead to checking other aircraft of the same type, thus surfacing unsuspected problems and leading to a global fix. Failure to address the problem across the board may have fatal results. A crash of an ATR-72 airliner in Italy, for instance, was carefully written up to avoid finger pointing, thanks to heavy pressure from the French aviation industry. The crash did not lead to a worldwide alert that the aircraft might have a mode, under certain conditions, that would lead to one of the wings dipping suddenly, and thus causing loss of lift. The failure to engage a global fix may have led to a second ATR-72 that crashed in Roselawn, Illinois. 21 The encapsulation of the facts by the original accident report had a devastating result.
One of the most important features of a culture of conscious inquiry is that what is known in one part of the system is communicated to the rest. This communication, necessary for a global fix, aids learning from experience, very important in systems safety. The communication occurs because those in the system consider it their duty to inform the others of the potential danger or the potential improvement. Edmondson, by contrast, found that in several hospitals the local fix or workaround did not result in the system as a whole taking note, because channels to convey the problem were absent, invisible, or took too much time to use. 22 It may be readily appreciated that the qualities of the culture as a whole thus affect response to anomaly.
These responses are related to the cultural types. In particular, suppression appears to be a type marker for pathological environments. Inquiry and global fixes, meanwhile, are strongly associated with generative environments. Bureaucracies, however, prefer to use the other strategies. If these associations are correct, there are important implications for safety. Pathological environments will discourage taking responsibility, and can be expected to conceal their problems. In contrast, generative environments are more likely to surface, and to fix, latent pathogens. They are more likely to encourage error talk and organisational learning via inquiry.
An interesting example of this surfacing and inquiring is one hospital's response to the discovery in 1999 that two of its pathologists had made 20 wrong prostrate biopsy diagnoses. The hospital was Sturdy Memorial Hospital in Attleboro, Massachusetts. A urologist had discovered the problem when one of his patients was diagnosed with prostrate cancer yet had had a negative biopsy. After a second similar example, suspicions were raised about biopsy standards. The hospital then carried out an internal audit of 279 prostate biopsies done over 2 years, which showed 20 of them to be in error. Rather than attempting to cover up the situation, or downplay it, Sturdy announced it would hire consultants to audit some 6000 additional biopsies. The hospital reported the biopsy problems to state authorities, sent regular updates to its staff, and wrote 88 000 letters to hospital patients explaining the situation. The response was very positive from the regulators and the public:
''Throughout this process, there was no measurable negative impact on the hospital's workload or financial performance. Nor were the urologists adversely affected. Our openness reaffirmed our reputation for putting our patients first. Our patients were much more accepting of the inevitability of human error than we were, and they were impressed that we were doing something about it. Our experience suggests that putting patients first is also a good business strategy when addressing errors. '' 23 This example of the inquiry response is notable and unusual. In stark contrast is the behaviour of the Canadian blood authorities to suspicions in the early 1980s that the national blood supply might be contaminated with HIV and hepatitis. As the Krever Report has shown, instead, doubts were muted, critics were muzzled, response was slow, and the public was misled. 24 For instance, over 1000 transfusion deaths and an even larger number of HIV infections of haemophiliacs resulted, an appalling toll. While epidemiologists were discussing the potentially compromised blood supply, haemophiliacs were being told that blood fractions they used were safe. Supplies of potentially contaminated blood were still being distributed even after supplies that had been successfully heat treated were available. In other words, encapsulation, public relations, and local fixes were the preferred responses to the anomaly represented by suspicions of HIV and hepatitis C contamination. Canada was far from unique in its response to HIV blood problems, but should have been much further ahead of the game than it was: it had had a full year to study the Americans' problems. The institutions it used to manage the blood supply, however, could not change their bureaucratic ways so they could respond appropriately. Using these bureaucratic forms of anomaly response led to widespread contamination, infection, and death.
A STRIKING CONFIRMATION
Although using concepts to describe problems is useful, what assurance do we have that we are not simply adding new labels to events already understood? There are many cases where the concept seems to fit well, yet even though such case study evidence is abundant, systematic tests of this typology are rare. A most striking confirmation of the validity is Edmondson's comparison of nursing supervision styles in eight different hospital departments. 25 This study appeared to demonstrate that information flow is higher in a generative situation, where managers see themselves as coaches rather than commanders. Although Edmondson's study was not designed to test the typology, the patterns discovered by Edmondson are those predicted by the model. The nursing supervisors who encouraged a free and open environment had information flow (that is, error reporting) very much above those who chose hierarchy as more important. In fact there is a 10-fold difference in the best and the worst cases.
If we take Edmondson's results at face value, the impact of nursing supervision on information flow environment would seem strong. What if one department actually caught 10 times more errors than another? What is more likely, however, is that many errors get fixed without being reported. Those that are reported are a percentage of those that take place, a percentage that may vary with the cultural quality of the environment. So Edmondson's numbers are suggestive, not definitive. Still, the increased visibility of problems would allow the unit to work on them better, and this is a great gain in itself.
Suppression Encapsulation

Local fix Inquiry
Public relations Global fix SuppressionHarming or stopping the person bringing the anomaly to light; shooting the messenger EncapsulationIsolating the messenger, so that the message is not heard Public relationsPutting the message in context to minimise its impact Local fixResponding to the presenting case, but ignoring the possibility of others elsewhere Global fixAn attempt to respond to the problem wherever it exists. Common in aviation, when a single problem will direct attention to similar ones elsewhere InquiryAttempting to get at the root causes of the problem Figure 1 Response to anomaly.
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www.qshc.com group.bmj.com on June 20, 2017 -Published by http://qualitysafety.bmj.com/ Downloaded from Edmondson's study provides a striking confirmation, in a medical context, of the value of this scheme. There still remains, meanwhile, the link between these information flow patterns and medical outcomes. Information flow would seem to be strongly related to safety, but while we may infer that information flow creates safety, proof is scarce. A promising study in 1986 suggested that cooperation in intensive care units led to lower patient mortality, but a follow up study did not support this conclusion. 26 If culture makes a difference, it should not be so hard to detect. On the other hand, another study by Edmondson et al about the culture of minimally invasive cardiac surgery (MICS) surgery teams strongly supports the generative model as against a bureaucratic model in terms of a team's success in adopting novel techniques. The teams that encouraged information flow were more successful in institutionalising MICS surgery in their respective hospitals. 27 28 
ORIGINS AND DYNAMICS
One might wonder how such cultures develop and change. The role of leadership in creating such environments would appear large from books, such as that of Abrashoff Edmondson et al's study of the diffusion of MICS techniques, which also shows strong differences in adoption success, based on surgical leadership. The successful surgical teams seem to adopt a culture of conscious inquiry, with selective recruitment, open discussion, pre-operation briefings, and a levelling of status differences. 29 My own impression is that the role of leadership is most evident at the extremes, and less evident for bureaucratic cultures. Bureaucratic culture (as distinct from the bureaucracies themselves) appears as a kind of default value, rather like the centre of a normal distribution. This is not to say that there are not bureaucratic leaders; it is rather that bureaucracy is often a compromise between competing interests.
How does one culture change into another? The easy answer is that a change in leaders will often precipitate such changes, as for instance Abrashoff's success on the USS Benfold suggests. For a portrait of the creation of a pathological environment, consider the deleterious influence of Arthur Holland on the culture of Fairchild Air Force Base. 30 Holland, a rogue B-52 pilot, routinely ignored regulations and exposed his aircraft and crew to extreme danger. But he was admired by his commanding officers, so his extreme actions provoked only mild sanctions and instead got emulation from other would be rogues. Only his suicidal crash in a B-52 ended his influence on the base and led to investigations. It is also possible that the leaders of an organisation can consciously decide to maintain a particular type of culture, to attract top practitioners. Meanwhile, studying the dynamics of climate building in the medical universe has just begun. This would be a fruitful direction for future research.
DISCUSSION
Although one off studies of medical safety culture have value, the true need is for a scheme that captures one or a few dimensions in an easy to understand way. 31 Dimensions ought to be clear enough so that individuals can locate their organisations on them. Otherwise, culture becomes an arcane matter that can only be measured by questionnaire. It is true that some questionnaires that measure personality features or sets of attitudes may be valuable in assessing culture, such as the Flight Management Attitudes Questionnaire used by Helmreich and others. 32 By measuring the attitudes of an organisational workforce we can gain insights of some important aspects of culture. However, culture shapes action in many important areas, from everyday operations to innovation, and provides important clues as to how things may go wrong. 33 Even the kind of latent pathogens that one encounters are a function of the organisation's culture. 34 The process by which the leader's preoccupations are translated into workforce culture is well described by Abrashoff. Once set in motion, a unit's climate has a powerful ability to affect outcomes. This is largely due to pervasive effects of information flow, whose problems have been implicated in so many accidents. Abrashoff managed to change the culture of the Benfold in only a few months. On the other hand, the regional cultures described by Putnam have been in place for centuries. A ship, although part of a fleet, is an isolated unit. A regional or national culture, by contrast, is likely to remain unchanged over long periods of time. For this reason, we should not neglect the role of the larger environment. Every medical unit is part of something larger; a hospital, a clinic, an health maintenance organisation. How does the climate of this larger organisation affect that of the unit in question? Does the isolated generative unit become a ''Cinderella'', the target of hostile jibes and political actions? This certainly happened to the high performing naval laboratory I studied. A study of emergency department team training stressed the need to consider the larger context. 35 Does the isolated pathological culture get fixed, or does it contaminate the larger environment? Often pathological units can get away with horrid performances if they have the right political connections, are good at securing grants, or have a high publication rate. In many hospitals, it is notorious that some units and some individuals, because of elite status, can get away with anything. So the context matters.
CONCLUSION
Culture in a medical unit, then, is typically shaped by the preoccupations of the management. These preoccupations and priorities are absorbed by the workforce, who then operate with them in mind. Information will flow, or not. Issues will be addressed, or not. Because most medical work involves teams, information will provide the glue that keeps the team focused and coordinated. If the glue is weak, so will the team be. The culture, then, represents those habits of thought and action by changing the culture, virtually everything can change-trust, openness, confidence, and even competence. A generative culture will make the best use of its assets, a pathological one will not. This is what the theory predicts, and what the case studies show. But it still remains to be determined whether culture has systematic impacts along the lines we have sketched on a broader scale. If it does, then we need to pay more attention to the forces shaping the culture of our medical teams and medical N A generative culture requires that alignment, awareness, and empowerment replace suspicion, isolation, and passivity.
N A culture of conscious inquiry will assist in getting fundamental improvements to the system, rather than just quick fixes. 
